Abstract. Lesions of sarcocystosis were studied in 14 calves necropsied between seven and I JO days after inoculation with 5000 to 25 million sporocysts of Sarcocystis hirsuta from cats. Calves developed fever, anemia, and diarrhea between II and 30 days after inoculation. The development of first generation meronts in arteries of small intestine, mesentery, and mesenteric lymph nodes seven to 25 days after inoculation was associated with vascular occlusion and necrosis of associated tissues. The development of second generation meronts in capillaries of striated muscles 15 to 23 days after inoculation was associated with necrosis, edema, and nonsuppurative myositis in heart and other muscles. Sixty-two days after inoculation lesions were reduced to focal areas of granulomatous inflammation around degenerating sarcocysts in striated muscles, but not in the heart. Cattle are the intermediate host for three species of Sarcocystis: S. cruzi (canid cycle), S. hirsuta (fetid cycle), and S. hominis (primate cycle) [6] . Of these, S. cruzi is highly pathogenic to cattle [5] . Very little is known regarding the pathogenicity of the other two species (for review see reference 6). This report describes clinical disease and lesions of sarcocystosis in calves inoculated with S. hirsuta sporocysts from cats.
Holstein-Friesian calves were obtained locally and inoculated orally with 5000 to 25 million S. hirsuta sporocysts collected from feces of experimentally inoculated cats [I] . The isolate of S. hirsuta originally was obtained by feeding muscles of a naturally infected cow from Bozeman to a laboratory-raised cat [I] . Two experiments were done.
In experiment 1, eleven one-to two-week-old calves inoculated with I to 25 million sporocysts were necropsied between seven and 82 days after inoculation. Two calves (nos. 619, 594) of the same age served as uninoculated controls (table I) . The calves were inoculated in four trials conducted at different times (table I) .
In experiment 2, four weaned eight-to 12-week-old calves were necropsied 75, 89, 104,and 110days after inoculation with 1million, 250,000, 1.4million, and 5000 sporocysts, respectively. The calves were inoculated in four trials conducted at different times.
Inoculated calves were housed separately from uninoculated calves for seven days after inoculation, and their excreta were incinerated to kill sporocysts that might have passed 90 Calves were killed by electrocution, exsanguinated, and necropsied immediately. Portions of bone marrow, eyes, pituitary, salivary, and adrenal glands, thymus, lungs, heart, diaphragm, spleen, kidneys, liver, gallbladder, urinary bladder, omentum, rumen, reticulum, omasum, abomasum, small and large intestines, esophagus, skeletal muscle from thigh, lymph nodes (superficial cervical, mandibular, retropharyngeal, mediastinal, hepatic, gastric, mesenteric, subiliac), cerebrum, cerebellum, pons, medulla, spinal cord, and tongue were fixed in to% modified Millonig's buffered formalin. Selected tissues also were fixed in Bouin's fluid, in Helly's fixative, or in 1% glutaraldehyde and 4% formaldehyde mixture.
Paraffin-embedded sections were cut at 5 um, Selected tissues were embedded in glycol methacrylate and sectioned at 3 /lm. Sections were stained with hematoxylin and eosin (HE), Heidenhain's iron hematoxylin, or periodic acid-Schiff's hematoxylin (PASH). 
Results
In experiment 1, inoculated calves developed fever (2:: 40°C) and watery diarrhea intermittently between 10 and 22 days after inoculation ( No laboratory data were obtained from calves in experiment 2, however, calves appeared to be normal clinically by visual inspection. Control calves remained clinically normal.
Mesenteric lymph nodes and small intestines were focally hemorrhagic between seven and 20 days after inoculation.
Lesions were confined to the site of the development of S. hirsuta. First generation meronts were found in arteries of mesentery, mesenteric lymph nodes, and the small intestine, seven to 23 days after inoculation. The second generation meronts were found in capillaries of striated muscles 15 to 23 days after inoculation; the heart was the most heavily infected organ. Sarcocysts were found in striated muscles but not in the heart 30 days after inoculation. Important lesions in relation to duration of infection were as follows:
Arteries of mesentery and mesenteric lymph nodes: At seven days after inoculation, sporozoites and early first generation meronts were found in arteries in mesentery at the periphery of mesenteric lymph nodes. Infected host cells were two to four times larger than uninfected cells and bulged towards the arterial lumen, causing vascular occlusion of a few arteries ( fig. 1) .The paracortical areas of mesenteric lymph nodes and infected mesentery were edematous, congested, and there was focal, mononuclear cell infiltration in mesenteric adipose tissue. At ten days after inoculation, both immature and mature first generation meronts were found in arteries of mesentery and within mesenteric lymph nodes. Desquamation of endothelial lining containing meronts caused vascular occlusion and thrombosis ( fig. 2) . Mononuclear cells and neutrophils infiltrated the tunica adventitia, media, and intima ( fig. 3) . At 15 to 23 days after inoculation, mesenteric arteries were occluded due to thrombosis (fig. 4) . These vascular changes were associated with edema, hemorrhage, and necrosis of germinal centers in mesenteric lymph nodes ( fig. 5 ).
Small intestine: At ten and 16 days after inoculation, there was focal congestion, necrosis, and desquamation of tips of villi of the small intestine ( fig. 6 ). First generation meronts were found at ten days after inoculation, but not at 16 days after inoculation.
Liver.' At ten, 15, and 16 days after inoculation, there was focal histiocytic infiltration around portal triads and central veins; the reaction was most pronounced in portal triads ( fig. 7) .
Heart. ' At 15 days after inoculation, there were multifocal areas of necrosis and mononuclear cell infiltration around immature second generation meronts . At 16 to 23 days after inoculation, there was severe to mild generalized myocarditis . The myocarditis was characterized by necrosis of infected capillaries and associated myofibers, edema, and necrosis of endo-and perimysium, and mononuclear cells infiltrated these areas (figs. 8, 9). The primary lesion was an inflammation of endoand perimysium. At 20 days after inoculation a few meronts were seen, and at 23 days after inoculation only a single meront was seen. Although individual merozoites were in lesions, they were difficult to recognize, especially in 5-JLm sections. Individual merozoites were in myofibers and in tissue macrophages ( fig. 10) . At 30 to 42 days after inoculation, inflammation was subsiding and no meronts or merozoites were found . No lesions were seen 62 days after inoculation.
Other striated muscles: At 15 to 23 days after inoculation, lesions were essentially similar to those in the heart. Except for focal mononuclear cell infiltration, no lesions were seen at 62 days after inoculation. At 110 days after inoculation, degenerating sarcocysts were infiltrated by neutrophils and eosinophils ( fig. 11) .
Other than mononuclear cell infiltration in renal cortex at 35 days after inoculation, no lesions or Sarcocystiswere seen in any other tissue.
No lesions were found in control calves. A few immature S. hirsuta sarcocysts were found in the control calf killed 82 days after initiating the experiment. No parasites were found in the other control calf. Discussion This is the first report describing lesions of S. hirsuta infection in experimentally inoculated cattle. One report said that S. hirsuta was mildly pathogenic but gave no other details [4] .
Lesions in the present study correlated well with the development of the parasite. First generation meronts caused destruction of endothelial lining of arteries in mesentery and gut and probably caused diarrhea. Myositis in heart and other muscles could be ascribed to necrosis of capillaries due to second generation meronts. It is probable that myositis was caused by rupture of meronts and invasion of myofibers.
It also is probable that many merozoites are killed in muscles because the number of sarcocysts found were fewer than the number of second generation meronts.
Sarcocystis hirsuta-induced lesions need to be differentiated from those induced by S. cruzi because of structural similarities of their meronts. First generation meronts of S. hirsuta are morphologically similar to those of coyote-derived S. cruzi except that S. hirsuta meronts were localized to mesentery and gut, whereas those of S. cruzi were found in several other organs, including kidneys [2, 3] . Lesions in mesenteric lymph nodes in both species of Sarcocystis are similar in character and location [3, 4] . Second generation meronts of S. hirsuta in muscles may be difficult to distinguish from those of S. cruzi in a given section, however, the latter occur in several extramuscular organs, especially in renal cortex [2, 5] . Both S. hirsuta and S. cruzi cause vasculitis and may be responsible for anemia. However, petechiae found in S. cruzi infection [5] were absent in calves infected with S. hirsuta and the anemia in S. hirsuta infections was much milder than that in S. cruzi infections. Overall, S. hirsuta was only mildly pathogenic to calves.
The etiology of generalized eosinophilic myositis in cattle is unknown, as this condition was not seen in the present study and in cattle experimentally inoculated with S. cruzi [3, 5] . Both species can cause focal myositis but can be differentiated in sections by the thickness of their sarcocyst wall. S. hirsuta sarcocysts are thick walled (3-6 /Lm) whereas those of S. cruzi are thin walled « I /Lm).
